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Introduction
　Mangosteen (Garcinia mangostana L.) is a tropical 
evergreen tree, believed to have originated in the Sunda 
Islands and the Moluccas, growing in humid and shaded 
environmental conditions and does not occur outside the 
countries of the region9,13,26). Mangosteen, a slow-
growing tree, is adapted to 20-50% of shade and 
regarded as a shade tolerant tree, while shading is 
essential especially for the first 2 to 4 years of grow-
ing11,24). Mangosteen orchards in Indonesia are generally 
found in villages and contain several fruit species. In 
general, growing of mangosteen (in mixed stand) 
together with durian, rambutan, longkong and so on is 
a common practice in Thailand, because growers expe-
rienced that the young plants require nurse trees or 
artificial shade to encourage their growth1,17). 
　Mangosteen starts flowering as early as four to five 
years after planting of seedlings if adequate fertilizers 
and water are given, but fruit size and yields are rather 
small while young. It is well known that carbohydrate 
level of the fruit tree closely relates with induction of 
flower bud25). Inconsistency in the flowering and fruiting 
in mangosteen is a common problem; its production 
always remains unstable from the immature to the 
mature tree stage, when the production can vary from 
tree to tree and from one season to another8). 
Assimilate accumulation and partitioning among sinks in 
mangosteen tree depends on seasonal growth patterns 
of vegetative and reproductive sinks25).
　In Indonesia, fruit productivity and quality of man-
gosteen are still low16). Low productivity is mainly 
caused by poor flower bud differentiation and fruit set. 
Beside long juvenile period, lack of profuse flowering 
and irregular fruiting during the early stage of tree 
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maturity are also considered as major problems12). 
Also, fruit quality varies largely among orchards, 
because mangosteen are managed by traditional ways 
and their production system depends on Nature4). Most 
important factor lowering fruit quality is yellow latex, a 
physiological disorder4). It has been reported that qual-
ity of mangosteen fruit varies greatly among sectors. 
Specific information on the effects of fertilizers on man-
gosteen is lacking, and many existing recommendations 
are based on empirical trials and traditional practices27). 
Leaf analysis has been a guide in diagnosing nutritional 
problems and a basis for fertilizer recommendation for 
mangosteen trees. The objective of this study is to 
clarify the meteorological conditions for commercial 
mangosteen orchards and also the seasonal changes in 
nitrogen and carbohydrate contents, and C-N ratio of 
leaves as affected by sectors and tree ages. 
Materials and Methods
Plant materials and treatments
　Mangosteen trees of 3 different ages, young 
(20-year-old), middle (35-year-old), and old (50-year-
old), five of each, were selected for study at a com-
mercial orchard in Bogor, Indonesia in May of 2010. 
Based on tree height and width, the canopy of each tree 
was divided into 9 sectors, i.e. Sector 1 (inner bot-
tom), Sector 2 (center bottom), Sector 3 (outer bot-
tom), Sector 4 (inner middle), Sector 5 (center mid-
dle), Sector 6 (outer middle), Sector 7 (inner top), 
Sector 8 (center top), and Sector 9 (outer top) (Fig. 
1).
Meteorological status
　Light intensity in mangosteen orchard was measured 
by light meter (LI-250A, LI-COR) on sunny and cloudy 
days in each sector in August of 2010. The monthly 
rainfall data in 2009 and 2010 was collected from Bogor 
Meteorological Station.
Chlorophyll content and C-N ratio of leaves
　Six leaves of similar age were selected in each sector 
in August and their SPAD value was determined by 
chlorophyll-meter (SPAD-502, Konica Minolta). The 
leaves were collected, then chlorophyll was extracted 
by 85% acetone and the content was determined by 
spectrophotometer (UV-VIS 1800, Shimadzu).
　Six more leaves were collected from each sector at 
monthly intervals from May to September 2010. 
Another six leaves were also collected in August from 
branches of three types showing different growth 
aspects, A : branches with fruit, dormant bud, and 
vegetative shoots, B : branches with fruit and dormant 
bud, C : branches with dormant bud and vegetative 
shoots. Leaf samples were washed, dried in an oven, 
and ground into powder with a mill. Carbohydrate and 
nitrogen contents of leaves were determined by CN 
analyzer (MT700MC, Yanaco).
Statistical analysis
　An analysis of variance was conducted to test the 
differences between sector (fruiting position) and tree 
age. Data were subjected to analysis of variance 
(ANOVA) using SPSS statistical software version 16.0 
(SPSS Inc., IBM). A completely randomized design 
with five replicates was used. Where applicable, means 




　Light intensity in mangosteen orchard increased rap-
idly with respect to time of day and reached a maxi-
mum at 2：00 p.m., then gradually decreased (Fig. 
2A). Light intensity was significantly different among 
sectors, but no significant difference was observed 
among tree ages. As shown in Fig. 3A, the highest 
light intensity on cloudy days was observed in Sector 9, 
resulting 0.3 μmol・M-2・s-1 for all tree ages, followed 
by Sectors 8, 6, and 3, whereas in Sector 1 it was the 
lowest ranging from 0.02 to 0.03 μmol・M-2・s-1. 
Regardless of tree age, the highest light intensity on 
sunny days was found in Sector 9, and it was 8.07, 
7.53, and 7.74 μmol・M-2・s-1 for young, middle-aged, 












Fig. 1 Illustration of sector (position in canopy) of mangosteen 
tree.
and old trees, respectively (Fig. 3B). In contrast, the 
lowest was found in Sector 1, and it was 0.53, 0.42, 
and 0.49 μmol・M-2・s-1 for young, middle-aged, and old 
trees, respectively. Light intensity in outer positions in 
canopy such as in Sector 3, 6 and 9 was higher than in 
inner ones such as Sectors 1, 4, and 7. Light intensity 
was also higher in taller than in lower positions in can-
opy. Increasing light intensity results in increased pho-
tosynthesis until 700 ｻE・m-2・s-1 when light saturation is 
achieved14). It has been reported that in both shaded 
and unshaded plants, the index of chlorophyll increased 
with increasing NH4 ratio in nutrient solution23). Higher 
dry weights were attained when plants were grown 
under 50% shade5, 11). An excessive crop load caused 
adverse effect on fruit size of mangosteen, and this led 
to a marked decrease yield of large size fruit20). The 
bagging of mangosteen fruits has potential to improve 
fruit quality and added benefits on visual appearance15).
　Throughout growth or development of fruit, water 
stress greatly affects the final yield2). Mangosteen trees 
need a drying period to induce flowering19). Mangosteen 
production in southern and eastern Thailand increases 
as the drought period before flowering increases2). The 
irrigation strategies after attaining a threshold water 
stress condition could be to stimulate flowering of man-
gosteen in Thailand18). In usual years such as 2009, 
mangosteen trees in West Java regularly face a drought 
period from July to August, followed by a flowering 
period from September to October. In 2010, however, 
the phenological pattern of mangosteen tree changed 
markedly owing to irregular rainfall. Climate in 2010 
was anomalous, and a drought occurred in April induc-
ing flowering of mangosteen in May (Fig. 2B). A 
change of phenological pattern in mangosteen affected 
by irregular rainfall distribution was also reported in 
Thailand in 199919). Climate change has a major impact 
on the hydrological cycle and consequently on available 
water resources, flood and drought potentials and agri-
cultural productivity2).
SPAD value and chlorophyll content of leaves
　For all sectors the SPAD value of leaves ranged from 
67.5 to 79.1 (Fig. 4). SPAD value in both young and 
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Fig. 3 Light intensity of cloudy (A) and sunny (B) days in mangosteen orchard as affected by sector and tree age. Light intensity 
was measured in August 2010. Vertical bars indicate±SE (n=5).
middle-aged trees was higher in inner positions in can-
opy such as Sectors 1, 4, and 7 than in outer ones such 
as Sector 3, 6, and 9, while in old trees, it was higher 
in outer sectors than inner ones. In spite of tree age, 
SPAD value of leaves in upper parts such as Sectors 5-9 
was high compared to lower ones such as Sectors 1-4. 
SPAD value had a positive correlation with leaf N con-
centration in pummelo7). 
　The contents of chlorophyll a was significantly differ-
ent among sectors and tree ages. Fig. 5A showed 
chlorophyll a of leaves was higher in top positions in 
canopy such as Sectors 7-9 than in bottom ones such as 
Sectors 1-3. On the other hand, content of chlorophyll 
b was not significantly different among sectors. Both 
chlorophyll a and b contents of leaves was higher in 
young and middle-aged trees compared to old ones 
(Fig. 5B). It has been reported that both chlorophyll a 
and b contents per fresh weight of mangosteen leaves 
were low at full sun condition and increased gradually 
with an increase in light shading6). In this study chloro-
phyll a/b ratio increased gradually with age ; it was 
2.20, 2.25, and 2.95 in young, middle-aged, and old 
trees, respectively. Chlorophyll a/b ratio in seedlings 
was low with an average of 0.8086). Increase in tree age 
results in increase of height and width of canopy. The 
large size of canopy affects the transmission of sunlight 
into the inner and bottom parts of canopy6). 
Seasonal changes in carbohydrate and nitrogen 
contents, and C-N ratio of leaves 
　Carbohydrate content of leaves varied largely among 
sectors and tree ages. The highest value was observed 
in July for middle and old trees, but it was June for 
young trees (Fig. 6). In young trees, carbohydrate 
content of leaves was higher in top positions such as 
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Fig. 4 SPAD value of mangosteen leaves as affected by sector and tree age. Vertical bars indicate±SE (n=5).




















































Fig. 5 Content of chlorophyll a and b in mangosteen leaves as affected by sector (A) and tree age (B). Different letters indicate 
significant difference at P<0.05 by Duncanｾs multiple range test.
Sectors 7-9 than in bottom ones such as Sectors 1-3, 
whereas in middle-aged and old trees it ranged from 
50.7 to 53.0% and 51.3 to 52.6%, respectively. 
Regardless of month and tree age measured, nitrogen 
content of leaves was higher in lower positions in can-
opy such as Sectors 1-4 than in upper ones such as 
Sectors 5-9. The value in young, middle-aged, and old 
trees was around 1.3-1.6%, 1.3-1.6%, and 1.2-
1.6%, respectively. The C-N ratio of leaves was higher 
in upper parts of the canopy compared to lower parts. 
There was no significant difference in C-N ratio of 
leaves among tree ages ; it was 32.6 to 41.4% for 
young, 32.2 to 39.6% for middle-aged, and 32.2 to 
42.0% for old trees. In young and middle-aged trees, 
C-N ratio of leaves was the highest in July, whereas in 
old ones the  highest value was observed in May. 
Mangosteen leaves are believed to survive for many 
years on the tree21). Nitrogen concentration decreases 
slightly during the growing season in all orchards in 
Thailand22). Carbohydrate content of grapevine signifi-
cantly fluctuates throughout the year ; it increases dur-
ing the growing season, then decreases when the 
grapevine sprouts in spring10).
Carbohydrate and nitrogen contents, and C-N ratio 
of leaves as affected by three types of branch 
　Fruit production of mangosteen varies markedly from 
tree to tree and branch to branch, because trees are 
composed from branches with 3 different types, 1) 
branches with fruit, dormant bud, and vegetative 
shoots, 2) branches with fruit and dormant bud, and 3) 
branches with dormant bud and vegetative shoots (Fig. 
7). Carbohydrate content of leaves was highest in 
branches with fruit, followed in branches with dormant 
bud, and branches with vegetative shoots ; its value was 
around 52.4, 52.0, and 51.4%, respectively (Fig 7A). 
High nitrogen content of leaves was observed in 
branches with vegetative shoots, whereas in branches 
with fruit and branches with dormant bud it was the 
lowest. There was significant difference in nitrogen 
content of leaves on branches of different types ; the 


























































































































May June July Aug Sept May June July Aug Sept May June July Aug Sept
Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6
Sector 7 Sector 8 Sector 9
Month Month Month
Fig. 6 Seasonal changes in carbohydrate and nitrogen contents, and C-N ratio of mangosteen leaves as affected by sector in young 
(A, left series), middle-aged (B, central series), and old trees (C, right series). Vertical bars indicate±SE (n=5).
value was 1.6, 1.5, and 1.7%, in branches with fruit, 
branches with dormant bud, and branches with vegeta-
tive shoots, respectively. The C-N ratio of leaves was 
higher in branches with fruit and dormant bud, com-
pared to vegetative shoots. The C-N ratio of man-
gosteen leaves was 33.3% for branches with fruit, 
33.8% for dormant bud, and 30.7% for vegetative 
shoots.
　Carbohydrate content of mangosteen leaves was 
higher in branches with fruit than in branches with 
dormant bud (Fig. 7B). No significant difference was 
observed in the nitrogen content of leaves between 
branches with fruit and branches with dormant bud, 
although it was higher in the latter. Consequently the 
C-N ratio of leaves was 36.3, and 33.7% in branches 
with fruit and in branches with dormant bud, respec-
tively.
　Fig. 7C shows that carbohydrate content of man-
gosteen leaves in branches with dormant bud and veg-
etative shoots was lower, the value being around 51.1 
to 51.4%. Nitrogen content of leaves in branches with 
vegetative shoots was higher compared to branches 
with dormant bud, being 1.8 and 1.7%, respectively. 
The C-N ratio of leaves was 30.9 and 28.9% for 
branches with dormant bud and vegetative shoots, 
respectively. Nitrogen content of leaves in branches 
with dormant bud and vegetative shoots (Fig. 7C) was 
higher compared to branches with fruit, dormant bud, 
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Fig. 7 Carbohydrate, nitrogen, and C-N ratio of mangosteen leaves in three types of branch with differing growth aspects. A : 
branches with fruit, dormant bud, and vegetative shoots, B : branches with fruit and dormant bud, C : branches with dormant 
bud and vegetative shoots. Different letters on column indicate significant difference at P<0.05 by Duncanｾs multiple range 
test.
and vegetative shoots (Fig. 7A) and branches with fruit 
and dormant bud (Fig. 7B). 
　For young trees the nitrogen level was lowest in July 
(Fig. 6A). This may suggest that nitrogen compound 
was required for growth of new vegetative shoots. In 
Malaysia, it has been reported that flushing starts in 
July and August when nitrogen content decrease to the 
lowest level of 1.18%8). Nitrogen remained high from 
August to September, because there were no vegeta-
tive shoots in young trees. In May, when flowering 
began in old trees, the concentrations of nitrogen 
remained lowest from 1.2 to 1.4% (Fig. 6C). In old 
trees, drought conditions caused high C-N ratio in 
May, and this fact may promote flower bud differentia-
tion. The monitoring in 2004 had shown that during 
flushing, nitrogen was low but reversed during flower-
ing, implying that nitrogen was heavily used for vegeta-
tive shoot development8). Mangosteen trees need 21-30 
days of dry conditions, and then watering before the 
flowering period for flower bud differentiation. Though 
blooming is not uniform, the average flowering period is 
about 40 days3).
References
１) Almeyda, N. and F. W. Martin : Cultivation of neglected 
tropical fruits with promise : I. The mangosteen. US Agric. 
Res. Serv. South Region, 155, 1-18 (1976)
２) Boonklong, O., M. Jaroensutasinee and K. Jaroensutasinee : 
Climate change affecting mangosteen production in Thailand. 
Proceeding of the 5th WSEAS International Conference on 
Environment, Ecosystems and Development. Venice 325-332 
(2006)
３) Chaisrichonlathan, P. and A. Noomhorm : Effects of harvest-
ing seasons and maturity stages on internal characteristics of 
the mangosteen having different surface properties. J. Food 
Sci. and Tech., 46, 717-723 (2011)
４) Dorly, S. Tjitrosemito, R. Poerwanto and Juliarni : Secretory 
duct structure and phytochemistry compounds of yellow latex 
in mangosteen fruit. Hayati J. Biosci., 15, 99-104 (2008)
５) Goenaga, R. and E. Rivera : Growth and nutrient uptake of 
mangosteen grown under shade levels. J. Agric. Univ. P. 
R., 89, 149-158 (2005)
６) Issarakraisila, M. and R. Settapakdee : Effects of light inten-
sity on leaf structure and growth of mangosteen seedlings. 
Acta Hort., 787, 289-292 (2008)
７) Jaroonchon, N., K. Krisanapook, and L. Phavaphutanon : 
Correlation between pummelo leaf nitrogen concentrations 
determined by combustion method and Kjeldahl method and 
their relationship with SPAD value from portable chlorophyll 
meter. Kasetsart J., 44, 800-807 (2010)
８) Malip, M. and M. Masri : Establishment of protocol for car-
bohydrate analysis and monitoring seasonal variations 
between carbohydrates and nitrogen levels in Garcinia man-
gostana L. (mangosteen). Acta Hort., 727, 569-575 (2006)
９) Misra, H., B. K. Dwivedi, D. Mehta, B. K. Mehta and D. 
C. Jain : Development and validation of high performance 
thin-layer chromatographic method for determination of 
α-mangostin in fruit pericarp of mangosteen plant (Garcinia 
mangostana L.) using ultraviolet-visible detection. Rec. Nat. 
Prod., 3, 178-186 (2009)
10) Mohamed, H. B., A. M. Vadel, J. M. C. Geuns and H. 
Khemira : Biochemical changes in dormant grapevine shoot 
tissues in response to chilling : Possible role in dormancy 
release. Sci. Hort., 124, 440-447 (2010)
11) Nakasone, H. Y. and R. E. Paull : Mangosteen. In Tropical 
fruits, CAB International (H. Y. Nakasone and R. E. Paull. 
eds.), pp. 359-369, New York (1998)
12) Omran, H. and R. Semiah : Effect of paclobutrazol applica-
tion combined with potassium nitrate and bicomine spray on 
flowering and fruiting of mangosteen (Garcinia mangostana 
L.). Acta Hort., 727, 151-154 (2006)
13) Osman, M., and A. R. Milan : Mangosteen-Garcinia man-
gostana L. pp. 1-170. In Southampton Centre for 
Underutilised Crops, University of Southampton, 
Southampton (2006)
14) Ramlan, M. F., T. M. M. Mahmud, B. M. Hasan and M. 
Z. Karim : Studies on photosynthesis on young mangosteen 
plants grown under several growth conditions. Acta Hort., 
321, 482-489 (1992)
15) Ratanamarno, S., J. Uthaibutra, and K. Saengnil : Effects of 
bagging and storage temperature on anthocyanin content and 
phenylalanine ammonia-lyase (PAL) activity in mangosteen 
(Garcinia mangostana L.) fruit pericarp during maturation. 
Songklanakarin J. Sci. Technol., 27, 711-717 (2005)
16) Setiawan, E., R. Poerwanto and S. Susanto : Produktivitas 
dan kualitas buah manggis pada berbagai posisi cabang dalam 
tajuk. J. Habitat, 17, 159-174 (2005) (Indonesian with 
English summary).
17) Salakpetch, S. : Mangosteen (Garcinia mangostana L.) 
juvenility and pruning in Thailand. Fifteenth Annual 
International Tropical Fruit Conference Proceedings. Hawaii 
pp. 27-29 (2005)
18) Salakpetch, S. and U. Poonnachit : Soil moisture stress and 
irrigation management promote mangosteen (Garcinia man-
gostana L.) flowering. J. Hawaiian Pacific Agric., 13, 35-41 
(2006)
19) Sdoodee, S. and S. L. Udom : Effect of excess water on the 
incidence of translucent flesh disorder in mangosteen 
(Garcinia mangostana L.). Acta Hort., 575, 813-820 (2002)
20) Sdoodee, S. and K. Phonrong : Assessment of fruit density 
and leaf number: fruit to optimize crop load of mangosteen. 
Songklanakarin J. Sci. Technol., 28, 921-928 (2006)
21) Sdoodee, S. and R. Chiarawipa : Regulating irrigation during 
pre-harvest to avoid the incidence of translucent flesh disor-
der and gamboge disorder of mangosteen fruits. 
Songklanakarin J. Sci. Technol., 27, 957-965 (2005)
22) Sumitra, P., K. Pornthiwa, L. Panjaporn and B. Nutcharee : 
Leaf age and position on mineral composition of mangosteen 
leaves. 17th WCSS.  pp. 1-8 (2002)
23) Tabatabaei, S. J., M. Yusefi and J. Hajiloo : Effects of shad-
ing and NO3 :NH4 ratio on the yield, quality and N metabolism 
in strawberry. Sci. Hort., 116, 264-272 (2008)  
24) Verheij, E. W. M. : Garcinia mangostana. In : Edible fruits 
45Light intensity of mangosteen orchard and C-N ratio of leavesFebruary 2012
and nuts (E. W. M. Verheij and R. E. Coronel. eds.), pp. 
175-181, PROSEA No. 2. Bogor (1992)
25) Weibel, J., D. Eamms, E. K. Chacko, W. J. S. Downton 
and P. Ludders : Gas exchange characteristics of mangosteen 
(Garcinia mangostana L.) leaves. Tree Physiol., 13, 55-69 
(1993)
26) Yaacob, O. and S. Subhadrabandhu : The production of 
economic fruits in South-East Asia. Oxford University Press, 
Kuala Lumpur, pp. 109-114 (1995)
27) Yaacob, O. and H. D. Tindall : Mangosteen cultivation. 
FAO Plant Production and Protection Paper No. 129, Rome. 
pp. 1-100 (1995)

















47Light intensity of mangosteen orchard and C-N ratio of leavesFebruary 2012
Received October 3, 2011
a) 岡山大学大学院自然科学研究科
b) ボゴール農科大学農学部
